Climatic, socio-economic, geophysical, and human activity factors, among others, influence land use patterns. However, these driving factors also have different relationships with each other. Combining machine learning methods and statistical models is a good way to simulate the dominant land use types. The Luan River basin is located in a farming-pastoral transitional zone and is an important ecological barrier between Beijing and Tianjin. In this study, we predicted future land use and land cover changes from 2010 to 2020 in the Luan River's upper and middle reaches under three scenarios-the natural scenario, the ecological scenario, and the sustainable scenario. The results indicate that cultivated land will decrease while the forested areas will increase quantitatively in the future. Built-up areas would increase quickly in the natural scenario, and augmented expansion of forest would be the main features of land use changes in both the ecological scenario and the sustainable scenario. Regarding the spatial pattern, different land use patterns will be aggregated and patches will become larger. Our findings for the scenario analysis of land use changes can provide a reference case for sustainable land use planning and management in the upper and middle Luan River basin.
Introduction
Land has dramatic effects on human life. It has immense versatility and it can supply raw materials that are indispensable for human survival including food [1] , water, and energy. It also serves other functions such as providing living spaces, transportation, recreation, and so forth, giving land use its multi-functional attributes [2] . Land use is the most direct signal of human impact on the environment [3, 4] and includes human activities [5] such as population growth, urbanization, rapid economic development, and human decisions such as local regulations of the economy and environment, institutions, and governance structures [6, 7] . The resulting conflicts between humans and nature have become increasingly prominent, gradually becoming a common theme in the field of resource management. Scientists devote themselves to understanding such changes from the perspective of the human-earth complex system, establishing spatial-visual models to simulate land changes and assess the consequences of system changes, such as vulnerability, resilience, and sustainability [8] [9] [10] . Optimizing the allocation of land resources is an important method to maintain land sustainability, promote the rapid development of regional economies, and gradually harmonize the environment with human activities [11] . Recent studies have been concerned not only with quantity structure structures with the FLUS model. Finally, we compared the different landscape patterns under different scenarios by using landscape pattern indexes and determined the hotspots for land use change. The objective of this study was to seek landscape and regional spatial patterns that can promote long-term maintenance and improvement of ecosystem services and human well-being in the case of uncertain internal dynamics and external disturbances. We also sought to provide some advice for local governments to make the landscape design more sustainable, as well as to consider future perspectives and scenario setting.
Materials and Methods

Study Area
The study area is located in the northeast of Hebei Province, Northern China between 116.22°-119.24°E and 40.08°-42.60°N (Figure 1) , and covers an area of 4.0×10 4 km 2 . The Luan River basin is famous for its abundant water resources in Northern China. This area belongs to the upper and middle streams of the Luan River basin, which is an important water source for Beijing and Tianjin [61] . It is a link to the inland and the coast, which has a slightly temperate continental monsoon climate with little precipitation and a typical temperate monsoon climate with much precipitation during summer, mainly from June to September (67%-76%). In total, it has an average annual atmospheric temperature of 6.1 °C and a precipitation rate of 381.87-710.85 mm in the past three decades [62, 63] . The terrain is complex and the elevation of the study area varies considerably. The northwest part of this area lies in the Bashang Plateau an with elevation of 1200-1800 m above sea level, and the rest is about 500-1200 m above sea level. In 2015, the main land use type was forest area (49.13%) and grassland (38.76%). In the study area, several major tributaries of the Luan River ( Figure  1 (b)) eventually drain into the Panjiakou Reservoirs. We used a digital elevation model (DEM) to delineate the main watershed with a GIS technique, and then we merged the main stream of the Luan River which resulted in ten watersheds [64] . The Xiaoluan River basin (XL), the upper streams of Mayitu River basin (MYT), and the Yixun River basin (YX) form the headstream of the Luan River basin, which are abundant with clear water. The basin in the study area includes MYT, YX, the Wulie River basin (WL), the Laoniu River basin (LN), the Liu River basin (LR), and the Bao River basin (BR), which are covered by a large amount of crops and larger buildings and thus face a lack of land and water. 
Data
The Climate Change Initiative Land Cover (CCI-LC) project, which is funded by the European Space Agency delivers consistent global land cover maps at 300 m spatial resolution on an annual basis [65] . We selected the land use maps in 1995, 2000, 2005, 2010 , and 2015 as the study objects. Land use was classified into six types-cultivated land, forestry area, grassland, water area, built-up area, and unused land. Otherwise, there are many driving factors for land use change, including natural factors as well as social factors [66] . Some basic information, such as climate, soil, elevation, and river data, was obtained from the Resource and Environment Data Cloud Platform [67] . Further, some human activities cause changes in land use, so data for roads, and the core administrative areas such as cities and counties, were included, and can be found on the Open Street Map [68] .
Methodology
Scenario Design
According to the law of land use change, the requirements of economic development and ecological security should be guaranteed at the same time. We defined three scenarios on the basis of the land use status in 2010.
The natural scenario: It has been claimed that contemporary landscapes are contingent on past and present patterns, processes, and decisions [12] . The natural scenario is a reference case scenario based on past and recent (1995-2015) socioeconomic trends of economic and population growth. As time goes by, the development of a region transforms both social and environmental factors together. Such development provides the benefits of industrial growth, the introduction of modern techniques and improvements in infrastructure and global environmental protective measures. One key consequence is the rapid expansion of built-up and gradual growing water areas. However, what will the land be like after rapid land use changes if it was left alone? The natural scenario provides the answer. We used the linear fitting method and found that the area of cultivated land (R 2 =0.98), grassland (R 2 =0.77), water area (R 2 =0.79), and build-up area (R 2 =0.96), have great linear fitting trends every five years from 1995 to 2015 but not forest land and unused land (the change was too small to observe). So, we took the linear fitting trend and kept unused land as usual, then calculated the amount of forest area by using the total area minus the others. Finally, we used the total area minus the others to obtain the area of the forest.
The ecological scenario: As at the First Session of the Thirteenth National People's Congress on March 11, 2018, the 2018 Amendment was passed by the Constitution of the People's Republic of China: "The state protects and improves the environment in which people live and the ecological environment. It prevents and controls pollution and other public hazards. The state organizes and encourages afforestation and the protection of forests." So, we designed the ecological scenario to increase green area. Under this scenario, cultivated land on steep slopes and low-yielding fields are returned to forest or grassland. According to the tree line of this region, we transformed cultivated land located on land steeper than 15 • and at an altitude higher than 1600 m into grassland, and that at an altitude below 1600 m was turned into forest. This scenario assumes that ecology is the only concern and the environment is considered, before economic and population growth; also urbanization would be maintained at a lower rate.
The sustainable scenario: The core goal of the sustainable scenario is to balance environmental protection and economic growth. In this scenario, society, environmental protection, and economic growth are considered comprehensively. When environmental needs are met in ecology, the profits are also expected to be maximized in the economy. We used the linear planning strategy (Linear Interactive and General Optimizer, LINGO, Lindo Systems Inc., USA) to constrict the following factors-(i) The basic constraint includes land use and population. The area of cultivated land is not less than basic land needs; neither forestry nor built-up area is less than current situation. The population is less than predicted by city planning. (ii) The ecological constraint sets the standard for ecosystem services which entails the ecosystem services maintaining the current level and even surpassing it. (iii) The economic constraint considers financial earnings, which need to be no less than the predicted planning. (iv) Based on the first three steps, the maximum economic benefits are obtained. When factors (i)-(iii) are kept in the request field, the quantitative structure which can earn the most money in economy is chosen.
FLUS Model
The FLUS model is a kind of LUCC simulation model that combines multiple CA allocation models and an artificial neural network [35] . A self-adaptive inertia and competition mechanism was developed within the CA model to process the complex competition and interactions between the different land-use types. Otherwise, the distinguishing aspect of the FLUS model compared with other models is that it has a roulette mechanism which was added to reflect the uncertainty of real-world LUCC dynamics. We used the land use data of 2010 as the base data map; added 17 driving data points, including soil and slope aspects; and calculated the distance of each pixel to the main rivers, streams, all kinds of roads, and different core administrative areas as the driving factors of the simulations of spatial allocation. Then, the model was set to complete 14 hidden layers to estimate the probability of occurrence [30] . It was trained many times and the land use data from 2010 to 2015 was finally adopted to evaluate the accuracy of the simulation results from the FLUS model and to set the weight of neighbors as, respectively 0.6, 0.8, 0.6, 0.7, 0.8, and 0.8. The simulation passed the validation and had an overall accuracy of 94.10%. Figure 2 shows the method framework of the paper. 
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Under the three different scenarios, the quantifying structure of land use was different ( Figure  3 ). Forest and grassland were major land use types in this area, accounting for about 49.13% and 
Results
Quantifying Changes in Land Use
Under the three different scenarios, the quantifying structure of land use was different ( Figure 3 ). Forest and grassland were major land use types in this area, accounting for about 49.13% and 38.76% of the total area, respectively, while cultivated land, water area, built-up, and unused land accounted for 11.42%, 0.24%, 0.39%, and 0.06% in 2010, respectively. Figure 3 shows the quantifying changes of different land use types under the three scenarios compared with 2010 respectively. What they have in common is that the cultivated land would decline, while the forest area would markedly increase, and the average increase rate of the three scenarios was 14.94%. The water area would remain stable, and the average increase rate of the three scenarios was 9.05%. In the natural scenario, the area of cultivated land decreased by 1.05%, and grassland by 19.87%. The forest, water, and built-up areas increased by 15.38%, 17.98%, and 50.62%, respectively. In the ecological scenario, the area of cultivated land decreased by 81.65% and the built-up area by 30.99%. The forest area increased by 15.78%, while grassland by 4.49%. In the sustainable scenario, the area of cultivated land decreased by 27.07% and grassland by 15.17%. The forest, water area, and built-up areas increased by 13.66%, 9.16%, and 25.07%, respectively. Figure 4 shows the spatial allocation of land use under the three scenarios and 2010. In 2010, the forest area covered about 49.13% of the study area, covering the middle and southwest areas, including the northern WL, the LN, the LR, and the SR. Grassland was located in the north, in the northern area of the XL, the MYT, and the YX. Cultivated land occupied the northeast of this area and was, mainly distributed in the northeast of the XL and the YX. The middle of this area was along the main stream of the Luan River which is near the WL, and the southeast of the whole watershed which is near the PR. Compared with the spatial allocation in 2010, under the natural scenario, 73.39% of the area would not change. However, the cultivated land would be generated around the past cultivated area though its total area would be reduced. The forest area would increase and be located in the middle area of the watershed. In the south area of the YX, the MYT, and the WL, some grassland would become forest area. Further, the built-up would expand into the middle of the YX, the WL, the PR, and the SR. Under the ecological scenario, the reduction of cultivated land would mainly be distributed in the south and middle of the study area. The built-up area may stop expanding in Chengde City and is expected to decrease in the XZ, the PR, and the LR. Grassland would increase in the north and the forest would increase in the south. Under the sustainable scenario, cultivated land would be generated in the southeast of the watershed and in the middle of the MYT and the YX, and forest area would increase in the south. The built-up area would expand in the middle of the YX Figure 4 shows the spatial allocation of land use under the three scenarios and 2010. In 2010, the forest area covered about 49.13% of the study area, covering the middle and southwest areas, including the northern WL, the LN, the LR, and the SR. Grassland was located in the north, in the northern area of the XL, the MYT, and the YX. Cultivated land occupied the northeast of this area and was, mainly distributed in the northeast of the XL and the YX. The middle of this area was along the main stream of the Luan River which is near the WL, and the southeast of the whole watershed which is near the PR. Compared with the spatial allocation in 2010, under the natural scenario, 73.39% of the area would not change. However, the cultivated land would be generated around the past cultivated area though its total area would be reduced. The forest area would increase and be located in the middle area of the watershed. In the south area of the YX, the MYT, and the WL, some grassland would become forest area. Further, the built-up would expand into the middle of the YX, the WL, the PR, and the SR. Under the ecological scenario, the reduction of cultivated land would mainly be distributed in the south and middle of the study area. The built-up area may stop expanding in Chengde City and is expected to decrease in the XZ, the PR, and the LR. Grassland would increase in the north and the forest would increase in the south. Under the sustainable scenario, cultivated land would be generated in the southeast of the watershed and in the middle of the MYT and the YX, and forest area would increase in the south. The built-up area would expand in the middle of the YX and the WL. Comparing the ecological scenario with the natural scenario ( Figure 5(a) ), the spatial allocation of most land use (66.85%) under both scenarios is the same. About 5.16% of cultivated land under the natural scenario would become forest under the ecological scenario, mostly located in the PR and Chengde County, due to the expanding the natural environments without considering other factors under the ecological scenario. About 5.12% of cultivated land under the natural scenario would become grassland under the ecological scenario, mostly located in the MYT and PR, and about 12.87% of forest would become grassland most of which be in the watershed area except the PR and the SR. Comparing the ecological scenario with the natural scenario (Figure 5a ), the spatial allocation of most land use (66.85%) under both scenarios is the same. About 5.16% of cultivated land under the natural scenario would become forest under the ecological scenario, mostly located in the PR and Chengde County, due to the expanding the natural environments without considering other factors under the ecological scenario. About 5.12% of cultivated land under the natural scenario would become grassland under the ecological scenario, mostly located in the MYT and PR, and about 12.87% of forest would become grassland most of which be in the watershed area except the PR and the SR. This is because the land in higher latitudes and barren soil is suitable for growing grass. Furthermore, about 8.49% of grassland would become forest, mostly in the MYT, the YX, and the XL, to improve the water quality. About 0.38% of the built-up area would change to other land use types, such as forest area and grassland, mostly in the middle of the YX.
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Between the sustainable scenario and the natural scenario, the proportion of unchanged land use was 70.69%. Figure 5 
Landscape Patterns under Different Scenarios
Using the FRAGSTATS software program [69] , we calculated several indexes to compare the landscape patterns under different scenarios ( Table 1 ).
The number of patches (NP) of the three scenarios were all smaller than that in 2010 which means that landscape patterns would be generated in the future. The landscape shape index (LSI) of the ecological scenario was bigger than the natural scenario and the sustainable scenario, meaning that the ecological scenario would have more complex patches than the others. The closer the index perimeter area fractal dimension (PAFRAC) is to 1, the larger the human impacts. Thus, in all three scenarios, the area would be more natural than before. The Shannon's diversity index (SHDI) showed that the landscape richness of the ecological scenario was lower than the others. The aggregation index (AI) of the sustainable scenario was larger than the others. All in all, the ecological scenario had Between the sustainable scenario and the natural scenario, the proportion of unchanged land use was 70.69%. Figure 5b shows the change between the natural scenario and the ecological scenario. 
The number of patches (NP) of the three scenarios were all smaller than that in 2010 which means that landscape patterns would be generated in the future. The landscape shape index (LSI) of the ecological scenario was bigger than the natural scenario and the sustainable scenario, meaning that the ecological scenario would have more complex patches than the others. The closer the index perimeter Sustainability 2019, 11, 4909 9 of 15 area fractal dimension (PAFRAC) is to 1, the larger the human impacts. Thus, in all three scenarios, the area would be more natural than before. The Shannon's diversity index (SHDI) showed that the landscape richness of the ecological scenario was lower than the others. The aggregation index (AI) of the sustainable scenario was larger than the others. All in all, the ecological scenario had smaller landscape patches, smaller patch density, but simple landscape patterns. However, the sustainable scenario would be more generated and have complex landscape patterns. The watershed was separated into 10 sub-basins ( Figure 1 ). The landscape pattern indexes of the different sub-basins are shown in Figure 6 . The SR and LR showed more sensitivity. Under the natural scenario, the SR and LR had fewer patches and were more generated than the other sub-basins. The LSI under the natural scenario was less than the sustainable scenario, meaning that land use would be more affected by humans. The LR had a smaller PAFRAC than other sub-basins, which means that the shape of this land use become more regular. The SHDI index dropped sharply in the LR. The AI increased sharply in the LN. In total the patch density (PD) increased in the down reaches of the Luan River under the ecological scenario. smaller landscape patches, smaller patch density, but simple landscape patterns. However, the sustainable scenario would be more generated and have complex landscape patterns. The watershed was separated into 10 sub-basins ( Figure 1 ). The landscape pattern indexes of the different sub-basins are shown in Figure 6 . The SR and LR showed more sensitivity. Under the natural scenario, the SR and LR had fewer patches and were more generated than the other sub-basins. The LSI under the natural scenario was less than the sustainable scenario, meaning that land use would be more affected by humans. The LR had a smaller PAFRAC than other sub-basins, which means that the shape of this land use become more regular. The SHDI index dropped sharply in the LR. The AI increased sharply in the LN. In total the patch density (PD) increased in the down reaches of the Luan River under the ecological scenario. Using the table of ecosystem service equivalent value per unit area in China, which was made by Gao-di et al. (2015) [70] , we calculated the monetary value of ecosystem services under each scenario ( Table 2 ). The ecological scenario had the highest value. The profits earning value of the natural scenario was the highest. However, the total value of the sustainable scenario was the highest and the ecological scenario was the lowest. 
Discussion
Characteristics of Scenarios Setting and Each Scenario Simulation
Scenario results are useful tools that provide potential options for environmental management and sustainable land use planning [17, 25] . Many studies have used at least three scenarios to simulate land use changes such as the business-as-usual (BAU), coordinated environmental sustainability (CES), and rapid economic growth (REG) scenarios [7] . This paper not only considered the characteristics of land use and socioeconomic developments but also attempted to add specific land design projects into the simulation scenarios. Specifically, the natural scenario was based on past and current development tendencies including population growth and economic and environmental protection, which is the same as the BAU scenario [71] . The other two scenarios set a threshold value first based on the overall land use planning of Chengde City for 2009-2020 from the government such as that there would be a restricted area in Chengde City for two important nature reserves (Mulan Weichang and Saihanba). Further, the ecological scenario put the protection and improvement of the environment in first place in order to suit the strictest requirements of the Grain to Green Project. The sustainable scenario combined the implementation of both new economic and environmental policies and maintained the basic farmland area at no less than 2770 km 2 .
Many studies have shown that under the BAU scenario, built-up areas are expected to increase and forestry area to decrease in a rapidly urbanizing city in northwest China, and the transformation of urban land from water bodies and wetlands is expected in South China [72, 73] . The study area has the same changes. However, in our study area, forestry area is increasing because the regional ecological governments have been protecting the environment and consider it to be the most important resource for sustainable development. The reason for the decrease in grassland is that more grassland would become built-up area than would other land use types change into grassland [74] .
It is generally believed that the way to increase ecological land use is to transform surrounding wasteland, flat terrain, and unused land with good hydrological conditions into ecological land and expand existing forests and grasslands. However, the region itself has higher ecosystem services in the Beijing-Tianjin-Hebei region [75] . Since forests cover over 50% of the total area, it is less useful to increase the green area than to make efforts to preserve it. Specifically, grassland in the northern area would help limit wind erosion, since high-altitude shrubs may reduce the death of growing trees where it is difficult to grow. Under the three scenarios, cultivated land would decrease, which would be different from the area in the agro-pastoral transitional zone of Northern China. This raises that the problem of how to increase the trade-off between ecosystem services and food production security.
Our findings suggest that the sustainable scenario is the most ideal of the three, provided that the environmental policy is strictly implemented. It can offer both environmental and economic benefits and be highly sustainable [76] .
The Changes of Landscape Pattern
A better understanding of the determining factors of land-use change is of crucial importance to the study of global environmental change. Our study showed that in the lower reaches of the Luan River, the landscape patches become more fragmented as the landscape diversity increase. In the three scenarios, most areas would undergo the same change trend, but there would be two different hotspot areas, including the YX and the middle area of the study area. In the YX, the built-up area would become more and more generated without any ecological constrictions. The YX is half cultivated land and half forestry area and in the middle along the river, the built-up area would expand. Further, the area that is grassland, water area and forestry area would change. Another hotspot area is the LR in the south of Chengde City. The forestry area there would expand and generate around the river. The landscape pattern index would change much more than in other places just like the NP, PD, and LSI would decline more than 60% and the AI would move up about 13.75%.
The overall trend of land use type area change based on the natural development scenario in this area is consistent with most studies, and the only difference is that the cultivated land area showed a declining trend, which was different from other places [7, 72, 77] . The changing trend was the same as other studies done in this area [78] . This is due to the continuous improvement of China's urbanization and the gradual transition from focusing only on economic development to environmental considerations. Despite certain policies, built-up expansion has come at the expense of cultivated land and grassland [74] . Compared with Li's study, the hotspot of construction land is from urban areas to the rural regions [74] .
Availability of an Integrated Method
It is obvious that no single model could obtain the main processes to identify land use change and to make an overall evaluation of environmental variables and influences [79] . The FLUS model is a relatively new prediction model, which has been applied in this field [35] . Its validity has also been verified. Finally, the general simulation results obtained here are reasonable and consistent with those of the Ying Li [74] . Although there were some uncertainties in our research, they did not prevent us from achieving our research goals. In order to overcome the deficiency and uncertainty of landscape simulation, in the future, we will improve the parameter selection such the pollution footprint, according to the activities carried out in the area, and/or the population. We will also consider the consumption of water, energy, and other resources, the pressure on natural resources, and so forth. More work is required to develop overall land planning as much as possible in the future.
Conclusions
Quantitatively, cultivated land will decrease while the forest areas will increase, and water area will remain stable under all three scenarios tested in this study. Nevertheless, future land demand varies among the different scenarios. Built-up areas will increase quickly in the natural scenario, forest expansion and accumulation will be the main features of land use changes in the ecological scenario and both features appear in the sustainable scenario.
Regarding spatial patterns, the distributions of different land use have a similar developing trend, which will converge in order to enhance both the economy and ecosystem services. There will be more cultivated land in the north and east in the natural scenario and forest areas will increase in the northern middle area, while built-up areas will expand sharply. There will be more forest and grassland and less cultivated land in the north and middle of the watershed in the ecological scenario and the built-up area will decline in the south. In the sustainable scenario, cultivated land will be generated in south of Chengde City while forest areas will increase in the south of that area, and the built-up area will expand slowly along the main stream of the Luan river near the Wulie River and Laoniu River basins.
Comparing the landscape patterns of the different scenarios, the ecological scenario has smaller landscape patches, smaller patch density, and a more natural environment, but simple landscape patterns. However, the ecological scenario will get more generated and would have complex landscape patterns.
Our findings indicate that the study area will experience rapid urbanization in the future, becoming 50.62% larger than the built-up area in 2010. All in all, it can be stated that rapid population growth, city expansion, and infrastructure construction will greatly increase land requirements, and most likely, unused land and grassland will be used for this purpose [77] . At the same time, the forest area will expand in each scenario, mainly because of the implementation of the "Grain to Green Project".
Our findings suggest that only with strict implementation of environmental policy will the ecological scenario be possible, though it would provide higher benefits in total. This scenario is suitable only for environmental development, but choosing it may result in food security problems due to a decline in cultivated areas, so the government should consider this when developing the implementing land use plans.
